There is evidence of increasing use of laboratory tests with substantial variation 17 between clinical teams which is difficult to justify on clinical grounds. The aim of this 18 project was to assess the effect of a demand optimisation intervention project on 19 laboratory test requesting by general practitioners (GPs) in an area of Northern Ireland 20 supported by the Clinical Chemistry Laboratory service of Western Health and Social 21 Care Trust (WHSCT). The intervention package was developed in conjunction with the 22 Western Local Commissioning Group and consisted of educational initiatives, feedback 23 to 55 individual practices on test request rates with ranking relative to other practices, 24 and a small financial incentive for practices to reflect on their test requesting activity.
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Throughout the study period, laboratory tests from primary care were ordered using a 127 paper laboratory request form. All of the tests considered here (with the exception of 128 immunoglobulin profiles) were listed on the request form and were requested by ticking 129 a box on the test request form adjacent to the test name; an immunoglobulin profile 130 was ordered by free text entry on the request form.
the optimal use of laboratory tests. Secondly, educational material was developed in 
148
Thirdly, all primary care teams were asked to engage in the process of reviewing test 149 requesting procedures within their practice (i.e. what staff are allowed to request tests 150 and what is the process for test requesting), and to reflect on the information provided 151 on their practice test requesting rates and ranking in comparison to other practices.
152
Finally, GPs were further asked to reflect on the appropriateness of their test 153 requesting volume taking into account the educational package, minimum retest 154 intervals and other relevant guidelines.
155
The Western Local Commissioning Group (WLCG) also made available funding to 156 incentivise participation in the laboratory demand management initiative. All 157 participating primary care practices received a payment of £0.30 per patient registered 158 on their practice list to engage in the process or reviewing and reflecting on test 159 requesting activity. Prior to the intervention each practice received information on its 160 standardised test request rates over the baseline year and its ranking in relation to 161 standardised test request rates of all other practices served by the laboratory.
Statistical analysis 163
Changes in the number of standardised test requests and between-practice variability 165 in standardised test request rates for profile tests, HbA 1c and PSA were compared to 166 the pre-intervention ('baseline') period (April 2011 -March 2012).
167
Between-practice variability in ordering of laboratory tests was assessed by calculating 168 the variance (σ²). Due to non-normality of the distribution of the standardised number 169 of laboratory test requests caused by the presence of 'practice outliers' (i.e. practices 170 with test request rates statistically different from the ordering rates in the other homogeneity of variances by ranking the absolute values of differences for each rates from pre-and post-intervention period [31] . In addition, we examined trends in 179 variability of laboratory test ordering using the Mann-Kendall (MK) test [32] . The
180
Mann-Kendall technique is a nonparametric form of monotonic trend regression 181 analysis and hence suitable for not normally distributed data [32] . In all analysis, a p < 182 0.05 was considered significant.
183

Governance considerations 184
This project was undertaken as a quality improvement initiative to promote optimal use 185 of laboratory services. As it was quality improvement initiative rather than a research of the laboratory information system data, and all information used within the study was 188 anonymised and not traceable to an individual patient or general practitioner. 
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Temporal changes in the standardized number of request rates 202
The median standardized number of profile test requests for all practices fell from 1519 203 per 1000 patients pre-intervention to 1441 per 1000 patients one year post intervention 204 (a reduction of 5.1%) ( Table 1) ; however this change was found statistically 205 insignificant (MWW p = 0.3) ( Table 2) . For HbA 1c , there was a significant increase in 206 the median number of request rates from 1.8 requests per patient with diabetes pre-207 intervention to 2.8 post-intervention (MWW p < 0.0001). The median PSA requests per 
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Temporal changes in variability of laboratory test ordering 217
To assess the direction and magnitude of changes in variability of ordering behaviour associated with the intervention, we calculated the variance of test request rates in the increase of 600%, FK p = 0.0001). In addition, we observed a statistically significant 228 upward trend in variance of HbA 1c over the study period (MK p = 0.03). The between 229 practice variability in the standardized number of PSA requests increased by 35%; 230 however, the reported change was not significant at 95% confidence level (FK p = 0.9)
231
( Table 1 and 2).
232
Differences in laboratory test requesting between rural and urban 233 practices 234
Rural practices had a significantly higher median number of profile request rates than 235 urban practices at all time points: baseline, during the intervention and at one year post 236 intervention (Table 3 ). However, a significant reduction in the median profile test 237 request rates was exclusively observed in rural practices where requests fell by 238 approximately 11.9% (MWW p = 0.04) as compared to no significant change in 239 ordering behaviour in urban practices (MWW p = 0.9) ( Table 2 ). The median PSA Rural practices had generally higher variance in request rates for profile tests, HbA 1c , 261 and PSA than urban practices at all time points ( Table 2 ). We did not observe a 
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This quality improvement intervention employed to optimise utilization of laboratory 289 tests in primary care was associated with mixed effects. Firstly, there was a reduction 290 of 5.1% in the median profile test requests per 1000 patients (as measured at one year 291 post intervention). This was accounted for entirely by a reduction in rural practices.
292
Secondly, we observed a 23.3% reduction in between practice variability in profile test 293 requesting and this was seen in both urban and rural practices (a decrease in variance 294 of 9.2% and 20.7% respectively). However, during and post-intervention, the 295 standardised profile test request rates and variability continued to be higher in rural 296 than urban practices. Although both the volume and variability in ordering rates for 297 profile tests were reduced, these changes were not statistically significant meaning that 298 the observed differences between the pre-and post-intervention period may have 299 resulted from fluctuation around the baseline or other as yet determined factors.
Despite non-significant differences in profile test utilization between the pre-and postintervention period, the overall statistically significant downward trend in variability (p = [38] , and after imposing a clinician-363 oriented restriction policy on the laboratory test-ordering mechanism (i.e. physicians 364 were required to provide a justification for every test request) [39] .
365
Our study has several limitations worth noting. First, we measured the effect of the 
373
Finally, increased requesting of laboratory tests does not necessarily translate to 374 decreased appropriateness of their utilization. For instance, the post-intervention 375 increase in median request rates for PSA and HbA 1c does not necessarily imply 376 inappropriate testing if it allowed improved patient management. However, the has suggested that large between-practice variability in test utilization is more likely 380 caused by differences in the clinical practice of general practitioners rather than the 381 demographic or socioeconomic characteristics of the practices [36] .
382
Our study has identified considerable variability between general practices in 383 laboratory test request rates and has sought to explore the effect of a demand 384 optimisation intervention on the volume and variability of laboratory test ordering.
385
Future qualitative work could address uncertainty around the factors affecting the adherence to PLOS ONE policies on sharing data and materials. The funder has not 412 serve or currently serve on the editorial board of the PLOS ONE journal. The funder 413 has not sat or currently sit on a committee for an organization that may benefit from 414 publication of the paper. The funder had no role in study design, data collection and 415 analysis, decision to publish, or preparation of the manuscript.
